Aphanomyces piscicida is a water mold that is pathogenic to several species of fish. Here we describe that a galactose-binding protein (GBP) purified from A. piscicida has a hemagglutinating activity. The GBP was separated from the supernatant of homogenized hyphae of A. piscicida by affinity chromatography using an immobilized D-galactose agarose gel. The GBP agglutinated goldfish erythrocytes. The molecular weight of the GBP was estimated at ap proximately 40 kDa by SDS-PAGE. A specific antiserum was produced against the GBP and the 40 kDa protein reacting with the antiserum was observed in only Aphanomyces strains isolated from diseased fish. These results suggest that the 40 kDa GBP is closely associated with Aphanomyces infections, such as mycotic granulomatosis, epizootic ulcerative syndrome, red spot disease and ulcerative mycosis.
Aphanomyces piscicida is a fish pathogenic water mold that causes mycotic granulomatosis (MG) in warm freshwater fish (Egusa and Masuda, 1971; Miyazaki and Egusa, 1972; Miyazaki and Egusa, 1973a, b, c; Hatai, 1980) . The gross signs of MG are swelling with rubor on the body surface of infected fish in the early infection stages and later formation of ulcers on the lesions. The infecting A. piscicida invades the muscle by extending the hyphae, and, in goldfish (Carassius auratus), the hyphae reach the internal organs (Miyazaki and Egusa, 1972) . The main histopathological response to the invaded hyphae is a remarkable inflammation involving the formation of granulomas (Wada et al., 1996) . Hematologically, infected fish with A. piscicida have low erythrocyte counts and low hemoglobin concentration in the blood (Hatai et al., 1984) .
The anemia in the infected fish may lead to more serious conditions. A recent study demonstrated that the supernatant of homogenized hyphae of A. piscicida possesses hemagglutinating and hemolytic activity (Kurata et al., 2000) . These activities may play roles in the occurrence of anemia in the infected fish. The hemagglutinating activity is caused by a hemagglutinin that can bind to D-galactose (Kurata et al., 2000) . A goal of this study was to identify the hemagglutinin in order to study a role of the hemagglutinin in this disease. Besides, in a relationship to the pathogenicity, it is inter esting to know whether the hemagglutinin is commonly present in fish pathogenic Aphanomyces strains. In the present study, we identified a galactose-binding protein (GBP) as a hemagglutinin in A. piscicida and examined presence of GBP in various microorganisms, including fish pathogenic Aphanomyces strains isolated from sev eral countries in which Aphanomyces infection spread, non-fish pathogenic Aphanomyces strains and other fish pathogenic microorganisms.
Materials and Methods
Purification of galactose-binding protein A galactose-binding protein (GBP) was separated from supernatant of the homogenized hyphae of A. piscicida NJM9803 (Table 1) by affinity chromatography using an immobilized D-galactose agarose gel column (Pierce Chem. Co., USA) as described by Kurata et al. (2000) . The protein concentration in the sample was determined with a Bio-Rad DC protein assay kit (Bio-Rad Lab., USA). Hemagglutinating activity of the separated GBP was examined as described by Kurata et al. (2000) . Briefly, goldfish erythrocytes were diluted with saline solution ( 1) .
Specificity of antiserum
In a Western blot assay using supernatant of the homogenized hyphae of A. piscicida NJM9803 as anti-gens, the rabbit antiserum reacted only with an antigen with a molecular weight of approximately 40 kDa. This reaction was visualized even when 105-fold dilution of the antiserum was used (Fig. 2) .
Reactivity of antiserum to various microorganisms
The reactivity of the antiserum was examined against various microorganisms by the Western blot The antiserum did not react with Saprolegnia parasitica, Achlya prolifera, I. hoferi or any of the bacteria used in this study. On the other hand, the antiserum reacted with Aphanomyces strains, except for the 84-1240, RAR35-9 and NJM9500 strains. With Aphanomyces strains isolated from the infected fish, the reaction occurred with an antigen with a size of approximately 40 kDa, while in the case of Aphanomyces strains isolated from non-fish (NJM9619, MAFF305548 and MAFF305628), the reaction occurred with an antigen with a smaller molecular weight (Fig. 3) .
Discussion
This study demonstrated that the hemagglutinin of A. piscicida NJM9803 strain is a galactose-binding protein (GBP) with a molecular weight of approximately 40 kDa. This is the first report of a hemagglutinin in fish pathogenic oomycetes.
In this study, we produced an antiserum which has specific reactivity with the GBP of A. piscicida. This antiserum reacted with Aphanomyces species but not with other microorganisms examined: non-Aphanomyces oomycetes, Ichthyophonus and some gram-positive and negative bacteria. In order to determine whether the GBP is present in various fish pathogenic or non-fish pathogenic Aphanomyces strains, we examined some other Aphanomyces strains as shown in Table 1 . The Western blot assay revealed that the 40 kDa protein reacting with the antiserum is present in only Aphanomyces strains isolated from the fish with Aphanomyces infection. We also confirmed that the 40 kDa proteins from fish pathogenic Aphanomyces strains used in this study possess a binding capacity to D-galactose and agglutinate goldfish erythrocytes (data not shown). Therefore, these results indicate that fish pathogenic Aphanomyces strains commonly have the 40 kDa GBP.
Aphanomyces infections occur not only in Japan but Fig. 3 . Western blot analysis for Aphanomyces strains using a rabbit anti-GBP serum (104-fold dilution). 1: NJM9701, 2: NJM9803, 3: NJM0002, 4: NJM9801, 5: NJM9901, 6: NJM0006, 7: RF6, 8: G2PA, 9: 3PS45, 10: NJM9619, 11: MAFF305548, 12: MAFF305628. (Roberts et al., 1993; Callinan et al., 1995; Vishwanath et al., 1997) , red spot disease (RSD) in Australia (Callinan et al., 1989; Fraser et al., 1992) and ulcerative mycosis (UM) in the USA (Noga and Dykstra, 1986; Dykstra et al., 1989; Blazer et al., 1999 
